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Abstract 
We propose a new concept of a nano-sensing transducer system using a nano-waveguide. The small change in physical 
quantity affects to the change in device parameters such as refractive index or length which is relatively absorbed and observed by 
the resonant signal. In principle, the stored light pulse at the specified wavelength is generated by using a soliton propagating 
within the input ring resonators, whereas a resonant signal can be stored within the nano-waveguide, i.e. a transducer, which is 
formed the sensing ring device. The induced change in the resonant signal is occurred, and can be detected by using the 
wavelength domain detector (optical spectrum analyzer). Such a proposed device is suitable to perform the measurements in the 
nano-scale regime such as force, stress and temperature. © 2009 Elsevier B.V. All rights reserved. 
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1. Introduction  
 
Nano-scale measurement has become the method that introduces many related research areas today. One of 
them is the nano-scale measurement resolution, i.e. nano-metrology which can be used to support and confirm the 
small scale measurement regime of the observed physical quantities. To date, there are many techniques that can 
be used to perform the nano-scale measurement resolutions and standards [1-4], however, the searching for new 
measurement methods still remains. Recently, Yupapin and Pornsuwancharoen [5] have shown the interesting 
result that light pulse can be stretched or compressed and stored within a tiny device known as a “nano-
waveguide”. Several research works have also shown the interesting results that light can be stored within the 
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micro cavities [6], micro-sphere [7] and nano-waveguide [8]. The promising concept is that white light, i.e. 
continuous light spectra can be generated, amplified and stored within a nano-waveguide, which is allowed to 
store a narrow light pulse, i.e. a narrow spectral width at the specified wavelength. This can provide the required 
measurement in term of the change in optical resonant wavelength, whereas the measurement resolution of pm or 
fm can be easily achieved. To present this concept, the use of optical soliton in nano-ring resonator is formed by 
the large bandwidth signal, which can be compressed, filtered and stored within a nano-waveguide. Finally, the 
different resonant signals with different wavelengths are stored via the specific nano-waveguides in the 
waveguide, which is available for sensing applications. The changes in physical quantities relating to the device 
parameters are observed and seen on the spectrum analyzer respecting to the reference part. Many earlier works of 
soliton applications in either theory or experimental works are found in a soliton application book by Hasegawa et al 
[9]. Many of the soliton related concepts in fiber optic are discussed by Agrawal [10]. The problems of soliton-
soliton interactions [11], collision [12], rectification [13] and dispersion management [14] are required to solve and 
address. In practice, the soliton - soliton interaction would affect the dense wavelength division multiplexing 
(DWDM), however, this problem can be solved by using the suitable free spectrum range arrangement, which can be 
designed [15].   
 
2. Operating Principle 
  
To perform the proposed concept, a bright soliton pulse is introduced into the multi-stage nanoring resonators 
as shown in Fig. 1, the input optical field (Ein) of the bright soliton pulse input is given by an Eq. (1)[5] as 
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Where A and z are the optical field amplitude and propagation distance, respectively. T is a soliton pulse propagation 
time in a frame moving at the group velocity, T = t-E1*z, where E1 and E2 are the coefficients of the linear and second 
order terms of Taylor expansion of the propagation constant. 2
2
0 ETLD   is the dispersion length of the soliton 
pulse. T0 in equation is the initial soliton pulse width. Where t is the soliton phase shift time, and he frequency shift 
of the soliton is Ȧ0. This solution describes a pulse that keeps its temporal width invariance as it propagates, and thus 
is called a temporal soliton. When a soliton peak intensity  202 / T*E  is given, then is known. For the soliton pulse in 
the micro ring device, a balance should be achieved between the dispersion length (LD) and the nonlinear length 
(LNL= (1/*INL), where * = n2*k0, is the length scale over which dispersive or nonlinear effects makes the beam 
becomes wider or narrower. For a soliton pulse, there is a balance between dispersion and nonlinear lengths, 
hence NLD LL  .  
When light propagates within the nonlinear material (medium), the refractive index (n) of light within the 
medium is given by 
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where n  and n  are the linear and nonlinear refractive indexes, respectively. I  and P  are the optical intensity and 
optical power, respectively. The effective mode core area of the device is given by effA . For the micro ring and 
nano-ring resonators, the effective mode core areas range from 0.10 to 0.50 Pm2 [16], where they found that fast 
light pulse can be slow down experimentally after input into the nano-ring. 
When a soliton pulse is input and propagated within a micro ring resonator as shown in Fig. 1, which consists of 
a series micro ring resonators. The resonant output is formed, thus, the normalized output of the light field is the ratio 
between the output and input fields ( )(tEout  and )(tEin ) in each roundtrip, which can be expressed as [5, 15] 
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The close form of equation (3) indicates that a ring resonator in the particular case is very similar to a Fabry-Perot 
cavity, which has an input and output mirror with a field reflectivity, (1-N ), and a fully reflecting mirror. Nis the 
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coupling coefficient, and  2/exp Lx D represents a roundtrip loss coefficient,   kLnI  and 
2
2 inNL EkLn I   
are the linear and nonlinear phase shifts, OS / k  is the wave propagation number in a vacuum. Where L and 
D are a waveguide length and linear absorption coefficient, respectively.  In this work, the iterative method is 
introduced to obtain the results as shown in equation (3), similarly, when the output field is connected and input into 
the other ring resonators. 
 
3. Dynamic Measurement using the Nano-sensing Transducer 
 
Initially, the large bandwidth signal within the microring device can be generated by using a soliton pulse input 
into the nonlinear microring resonator. This means that the broad spectrum of light can be generated after the soliton 
pulse is input into the ring resonator system. The schematic diagram of the proposed system is as shown in Fig. 1. A 
soliton pulse with 50 ns pulse width as shown in Fig. 2(a), peak power at 2.0 W is input into the system. The 
suitable ring parameters are used, for instance, ring radii R1= 15.0 ȝm, R2=9, Rs=Rf=9.0 ȝm and Rd= 200.0 ȝm. In 
order to make the system associate with the practical device [16, 17], the selected parameters of the system are fixed 
to O0 = 1.55 Pm, n0 = 3.34 (InGaAsP/InP), Aeff = 0.50, 0.25 Pm2 and 0.10 Pm2 for a microring and nanoring 
resonator, respectively, D = 0.5 dBmm-1, J = 0.1. The coupling coefficient (kappa, N) of the microring resonator 
ranged from 0.1 to 0.96. The nonlinear refractive index is n2=2.2 x 10-13 m2/W.  In this case, the wave guided loss 
used is 0.5dBmm-1. The input soliton pulse is chopped (sliced) into the smaller signals spreading over the spectrum 
(i.e. broad wavelength) as shown in Fig. 2(b), which is shown that the large bandwidth signal is generated within the 
first ring device. The coupling coefficients are given as shown in the figures. The coupling loss is included due to 
the different core effective areas between micro and nanoring devices, which are given by 0.1dB. 
 
 
 
Fig. 1. Schematic of a nano-sensing system with a sensing unit, where Rs: ring radii, Ns: coupling coefficients, Nms, 
Njs : coupling losses.  
 
 
In operation, the sensing and reference signals can be formed by using the system as shown in Fig. 1, whereas 
the generated soliton/signal can be stored within a nano-waveguide (ring Rs and  Rf) via a switch, which is confirmed 
by Yupapin and Poensuwancharoen [5]. Whereas the trapping pulse is circulated within the nano-waveguide 
(stopping/storing pulse), which is available to detect, i.e. it can be slowed down and detected by and add/drop filter 
and any available detector, respectively. We have found that light pulse energy recovery can be obtained by 
connecting into the nano-ring device. By using an equation (3), the output light pulse within a ring Rd is obtained via 
the drop port, where the main parameters that can provide the constant coupling energy are Nd1, ҏNd2 and the input 
power. Since, light propagates to the sensing and reference units are the same values according to the 50:50 coupling 
ratio, therefore, the stored wavelengths at the sensing and reference rings are the same. The measurement is 
performed by the interference signals between sensing and reference units, which can be measured and observed. 
When there is any changed inducing on the sensing unit, the measurement is formed by the difference of the 
resonant signals in term of resonant wavelength between sensing and reference unit ('O=Om-Oj).  The interference of 
the transducer and reference signals can be seen by using the add/drop device. The induced change within the ring 
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R3s is occurred and detected relating to the applied physical quantities, whereas the signal detection device can be 
optical spectrum analyzer, wavelength tuner, wavelength filter, or the recovery ring resonator. 
 
 
 
Fig.  2. Bright soliton output with the center wavelengths at 1.5 Pm, where (a) input soliton, (b) ring R1, (c) ring R2, 
(d) ring R3, (e) and (f) drop port signals (ring Rd). 
 
4. Discussion and Conclusion 
 
In Fig. 2, the stored wavelength in both arms of sensing device is as shown in Fig. 2(d). The combination of the 
signals after the disturbance can be seen in Fig. 2(e), finally, the measurement can be observed in term of phase shift 
(change in captured wavelength, where the measurement resolution in term of the change in free spectrum range 
(FSR) can be achieved. By using this technique, the measurement resolution of fm can be realized as shown in Fig. 
2(f), where FWHM is stand for full Width at Half Maximum, i.e. spectral width.   
In conclusion, we have proposed the interesting concept where the small scale measurement in the nanoscale 
resolution regime and beyond is plausible, using the nano-waveguide transducer, whereas the distributed system is 
also available for large area of sensing applications. The measurement of physical quantities such as nano-force, 
nano- temperature, nano-strain can be performed by using the proposed system. The major advantage is the sensing 
device can be formed the storing signal which is capable to perform the long period of measurement, i.e. dynamic 
measurement, while the very narrow optical pulse has shown the potential of using such system for nano-scale 
measurement and beyond.  Finally, the quantum measurement concept is also plausible, which is allowed to obtain 
the increasing in measurement resolution. By using the polarization concept, the measurement of force under zero 
gravity perturbation is also available. 
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